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The critical zones are the discontinuities along a railway line that are highly susceptible to
differential settlement, due to an abrupt variation in the support conditions over a short
span. Consequently, these zones require frequent maintenance to ensure adequate
levels of passenger safety and comfort. A proper understanding of the behavior of
railway tracks at critical zones is imperative to enhance their performance and reduce
the frequency of costly maintenance operations. This paper investigates the dynamic
behavior of the critical zone along a bridge-open track transition under moving train
loads using two-dimensional finite element approach. The influence of different subgrade
types on the track behavior is studied. The effectiveness of using geogrids, wedge-
shaped engineered backfill and zone with reduced sleeper spacing in improving the
performance of the critical zone is evaluated. The numerical model is successfully
validated against the field data reported in the literature. The results indicate that
the subgrade soil significantly influences the track response on the softer side of the
critical zone. The difference in vertical displacement between the stiffer and the softer
side of a track transition decreases significantly with an increase in the strength and
stiffness of the subgrade soil. The subgrade layer also influences the contribution of the
granular layers (ballast and subballast) to the overall track response. As the subgrade
becomes stiffer and stronger, the contribution of the granular layers to the overall track
displacement increases. The mitigation techniques that improve the stiffness or strength
of granular layers may prove more effective for critical zones with stiff subgrade than
critical zones with soft subgrade. Among all the mitigation techniques investigated, the
wedge-shaped engineered backfill significantly improved the performance of the critical
zone by gradually increasing the track stiffness.
Keywords: railway track, transition zone, geotechnical model, geosynthetics, vertical displacement, moving load,
subgrade
INTRODUCTION
The critical zones are the discontinuities along the railway tracks that experience a rapid
degradation in track geometry due to an abrupt variation in stiffness, damping characteristics and
support conditions. These zones include the transitions between ballasted and slab tracks, open
track and stiff structure, such as bridge, culvert, tunnel or underpass, tracks with concrete and
wooden sleepers, special track works and road crossings. The inconsistent track response on either
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side of a critical zone renders it highly susceptible to differential
settlement. Consequently, these zones require frequent
maintenance, which incurs significant costs to the railroad
industry, leads to train delays and reduces the track efficiency (Li
and Davis, 2005; Mishra et al., 2017). Figure 1 shows an example
of the transition between an open track and stiff structure such as
a bridge or an underpass. The track is supported by subgrade soil
on one side of the transition, while a concrete slab supports the
other side. Thus, two zones are formed on either side of a track
transition, one with lower stiffness and the other with a higher
track stiffness. During a train passage, the track founded on
subgrade soil (i.e., with a lower track stiffness) inevitably deforms
more than the track supported by a concrete slab. This uneven
deformation accumulates with repeated train passage and leads
to the formation of dips or bumps near the bridge/underpass
approach, which endangers the safety of the train operations and
demands maintenance. The differential deformation also results
in the wear and tear of the track, bridge and vehicle components.
Numerous techniques have been proposed to mitigate the
problems associated with the critical zones. Most of the
mitigation methods are intended to decrease the stiffness
difference in the critical zone by either increasing the stiffness
of the softer side, reducing the stiffness of the stiffer side
or producing a smooth transition of track stiffness (Kerr and
Moroney, 1993; Li and Davis, 2005; Nimbalkar et al., 2020). The
stiffness on the softer side can be increased by using geosynthetics
such as geocells, hot-mix asphalt layer, cement grouting or other
ground improvement techniques. Similarly, the stiffness on the
stiffer side can be reduced by employing soft rail pads, under
sleeper pads, ballast mats or plastic sleepers (Nimbalkar et al.,
2012). The reinforced concrete approach slabs or wedge-shaped
engineered fills can also be provided at the critical zones to
generate a smooth transition in track stiffness (Asghari et al.,
2021). However, the field investigations in the past have revealed
that these mitigation measures may not necessarily be effective
for each critical zone due to the site-specific nature of the problem
(Coelho and Hicks, 2015). Therefore, it is essential to understand
the dynamic behavior of the tracks in these critical zones before
applying an appropriate mitigation measure.
Several researchers have conducted field investigations in the
track transitions to understand their behavior and have identified
the probable causes of the associated problems (Li and Davis,
2005; Stark and Wilk, 2015; Coelho et al., 2017; Boler et al., 2018;
Wang et al., 2018). These investigations revealed that the root
cause of the problem needs to be identified before applying an
appropriate mitigation measure. However, the field investigations
are time-consuming, expensive and the number of influencing
factors are too large for reliable parametric studies. Experimental
investigations may help in understanding the behavior of the
tracks and to identify the critical parameters that influence their
response. However, the size of the physical models in experiments
is often limited due to financial issues.
An alternative approach is to predict the response of the
track in critical zones using numerical modeling techniques.
Several researchers have developed two and three-dimensional
finite element models of the railway tracks in critical zones to
better understand their behavior and evaluate the performance
of various mitigation measures (Gallego and López Pita, 2009;
Shahraki et al., 2015; Varandas et al., 2016; Wang and Markine,
2018; Hu et al., 2019; Asghari et al., 2021). However, most
of the analyses ignored the elastoplastic nature of the track
materials and simulated the behavior of track layers as elastic.
The assumption of elastic behavior neglects the irrecoverable
deformations of the railway track layers under the repeated
FIGURE 1 | Transition zone between an open track and stiff structure such as a bridge or underpass.
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traffic loading, which leads to inaccurate prediction of the track
response. Therefore, the behavior of the geotechnical layers must
be simulated using more appropriate elastoplastic constitutive
models to enhance the reliability and accuracy of the predicted
results. For instance, Coelho and Hicks (2015) studied the
dynamic behavior of an embankment-culvert transition zone,
in which approach slabs were provided before and after the
culvert, using a three-dimensional (3D) FE model. It was
observed that the approach slab failed to satisfactorily fulfill
its intended function of gradually increasing the track support
stiffness from the softer side to the stiffer side of the transition.
Interestingly, the presence of approach slab increased the stress
under the free end, which may lead to localized irrecoverable
deformations in the soil. However, the plastic deformations were
not captured in the analysis since the soil was assumed as an
elastic material.
There is a limited understanding regarding the contribution
of each substructure layer on the overall track displacement
and their mutual interaction. In the field study by Li and
Davis (2005), it was observed that the mitigation techniques
such as geocells, hot-mix asphalt layer and cement-stabilized
backfill were ineffective in alleviating the differential settlement
problem at bridge-embankment transition zones. This was due
to the fact that the techniques were aimed at strengthening
the approach subgrade, which had less contribution toward
the track settlement, compared to the ballast layer. Thus, the
quantification of the relative contribution of each layer to the
overall track response is essential for selecting an appropriate
mitigation strategy. The displacements of the granular layers
(ballast or subballast) also depend on the underlying subgrade
type. Punetha et al. (2020a) observed that the deformations in
the ballast and the subballast layers in an open track are much
higher when the subgrade soil is stiff compared to the case when
the subgrade soil is soft. However, the influence of subgrade soil
properties on the performance of the transition zones is not yet
fully perceived.
The present study investigates the dynamic response of a
bridge-open track transition zone under moving train loads using
a two-dimensional finite element model. The moving train load
is simulated by applying a vertical point load at different rail
nodes, whose magnitude varies with time. The accuracy of the
model predictions is investigated by comparing the predicted
results with the field investigation data reported in the literature.
The behavior of track layers in the numerical model is simulated
using the elastoplastic constitutive models. The advantage of
employing elastoplastic constitutive models is demonstrated by
comparing the track responses using elastic and elastoplastic
models for subgrade soil.
The influence of subgrade layer type on the overall track
behavior is investigated by considering four different types of
subgrade layers, namely, poor (soft clay), fair (medium clay),
good (dense sand) and hard rock. For this analysis, the material
parameters of the subgrade layer are varied, without changing
the geometry of the railway track. The effect of subgrade layer
type is assessed by comparing the variation of: (a) vertical
rail displacement along the length of the railway track; (b)
variation of vertical stress with depth; and (c) variation of
vertical displacement with depth; for the four different type of
subgrade layers.
Subsequently, the performance of three different mitigation
techniques, which are used to minimize the differential
displacement along the track transition, is assessed. These
techniques include the use of geogrids, wedge-shaped engineered
backfill, and zone with reduced sleeper spacing near the bridge
approach. The performance of the mitigation techniques is
assessed by comparing the response of the track with and without
the use of the mitigation measures.
DEVELOPMENT OF FINITE ELEMENT
MODEL
The dynamic behavior of the railway track along a bridge-open
track transition zone has been analyzed using the finite element
program, PLAXIS 2D (PLAXIS BV, 2017). Figure 2A shows the
two-dimensional (2D) plane-strain finite element (FE) model
of the bridge-open track transition zone. The total length of
the model is 80 m, and the span of the bridge is 10 m. The
superstructure is identical throughout the length of the track and
comprises of rail and sleepers. The substructure of the open track
consists of ballast, subballast and subgrade layers, whereas the
track on the bridge is supported by ballast and concrete slab
(bridge deck). The thickness of ballast, subballast and subgrade
layers are considered as 0.3, 0.15, and 5 m, respectively. The nodes
at the bottom boundary of the model are considered fixed, i.e.,
their movement is restricted in horizontal and vertical directions.
An absorbent boundary is provided at the sides (left and right
boundaries) to prevent spurious reflections of stress waves.
All the track components are discretized using 15-noded
triangular elements, which provide a fourth-order interpolation
for displacement and employs twelve Gauss points for numerical
integration. The frictional behavior between the bridge abutment
and substructure layers has been simulated using 5-noded
interface elements available in PLAXIS 2D. The finite element
model comprises of 3,330 elements. A medium mesh with
enhanced refinements is chosen for the model based on the
findings of the mesh sensitivity analysis. To improve the accuracy
of the predictions, a local mesh refinement is carried out near the
interfaces, corners and the loading zone.
The 2D FE analysis has been employed in the present study
because it provides reasonably accurate results despite having
limitations such as the inability to realistically simulate three-
dimensional loading due to the moving train, lateral spreading
of the granular layers along track transverse direction and
complex geometries such as ballast profile, rail fasteners and
three-dimensional geoinclusions. The main advantages of using
a 2D FE model include its simplicity, requirement of low
computational effort and less time than the 3D FE model. The 2D
model usually involves a few input parameters and can be readily
developed by practicing engineers to solve complex problems.
Material Properties
The rail, sleepers, abutment and bridge deck are simulated
as linear elastic materials. A hardening soil model has been
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FIGURE 2 | (A) Finite element mesh discretization of the track model; (B) procedure used to calculate the moving train loads.
employed for the ballast layer to realistically capture its
strain-hardening behavior under train-induced repeated loads
(Indraratna and Nimbalkar, 2013). The response of subballast
and subgrade layers is simulated using the classical Mohr-
Coulomb elastic-perfectly plastic model with a non-associated
flow rule. Table 1 shows the values of the material parameters
used for the simulation of the track response. The values of
the parameters are selected based on the published literature
(Indraratna and Nimbalkar, 2013; Ribeiro et al., 2014; Li et al.,
2018; Jiang and Nimbalkar, 2019; Punetha and Nimbalkar, 2021).
The dynamic parameters of the railway track components can
also be obtained by using the experimental modal analysis
(Kaewunruen and Remennikov, 2007).
The material damping in the present study is incorporated
by means of Rayleigh damping coefficients α and β. These
parameters depend on two controlling frequencies and the
damping ratio associated with each frequency. The controlling
frequencies generally correspond to the first mode of vibration
of the material layer and the predominant frequency of input
loading (Nimbalkar et al., 2012). The damping ratio for the soils
can be obtained by conducting laboratory cyclic triaxial tests as
per ASTM D3999 (2011).
Moving Load Simulation
The moving train load in this study is simulated by applying a
time-varying vertical load at different rail nodes (also known as
loading nodes) (Hall, 2003). Figure 2B shows the procedure used
to calculate the moving wheel loads. In this method, the wheel
load is assumed as a triangular pulse distributed among three
loading nodes. With reference to Figure 2B, consider that the
wheel is located at the loading node, “n” at time instant “t0.”
The magnitude of load at nodes n, n+1 and n+2 are Q, 0 and
0, respectively. As the wheel moves toward the node n+1, the
magnitude of the load at node n decreases, while, it increases for
node n+1 and reaches a maximum value of Q when the wheel
is directly above node n+1 (i.e., at time instant t1). Similarly, as
the wheel approaches node n+2, the load at n+1 decreases and
TABLE 1 | Material parameters used in the analysis.




γ (kN/m3) 78 24 24 15.6 16.7 17.3
E (MPa) 210,000 30,000 30,000 – 80 25.5
Eref50 (MPa) – – – 21.34 – –
Erefoed (MPa) – – – 21.34 – –
Erefur (MPa) – – – 64.02 – –
ν 0.3 0.15 0.15 – 0.35 0.3
νur – – – 0.2 – –
m – – – 0.5 – –
c′ (kPa) – – – 0 1 10
φ′ (◦) – – – 58.47 35 20
ψ (◦) – – – 12.95 5 0
pref (kPa) – – – 50 – –
Knc0 – – – 0.3 – –
Rf – – – 0.9 – –
α – – – 0.0439 8.52 8.52
β – – – 0.0091 0.0004 0.0029




ur , secant modulus
in drained triaxial test, tangent modulus for primary oedometer loading and
unloading-reloading modulus, respectively; ν, Poisson’s ratio; νur , Poisson’s ratio
for unloading-reloading; m, factor for stress-level dependent stiffness; c’, cohesion
intercept; φ′ and ψ, friction and dilation angles, respectively; pref , reference
pressure; K0nc, at rest earth pressure coefficient for normal consolidation; Rf , failure
ratio; α and β, Rayleigh damping coefficients.
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γ (kN/m3) 16.2 17.3 18.1 19.2
E (MPa) 12.5 25.5 80 3,000
ν 0.4 0.3 0.3 0.2
c′ (kPa) 15 10 0 1,500
φ′ (◦) 12 20 30 20
ψ (◦) 0 0 0 0
becomes equal to zero as soon as the wheel reaches the node n+2
(at time instant t2). The resulting load-time history at the three
nodes is also shown in Figure 2B. Using a similar procedure,
the load-time history during a train passage is calculated at each
loading node along the entire track length. In this study, the
loading nodes are spaced at equal intervals of 0.6 m, which is
identical to the sleeper spacing.
Numerical Analyses
The 2D plane-strain dynamic finite element simulations have
been used to predict the response of the bridge-open track
transition zone under moving train loads. The results are
discussed for one complete passage of the Acela express passenger
train, consisting of 32 axles, at a speed of 100 km/h. The axle load
in this study is considered as 20 t with a dynamic amplification
factor of 1.35 (Nimbalkar and Indraratna, 2016). Initially, the
dynamic response of the track with nominal values of the
parameters is simulated. Subsequently, the influence of subgrade
type on the dynamic track response is evaluated. Four different
types of subgrade are considered, namely, poor (soft clay), fair
(medium clay), good (dense sand) and hard rock. Table 2 lists the
properties of the four types of subgrade soils considered in this
study. The stiffness and strength of the hard rock is maximum,
followed by good, fair and poor subgrades. Finally, three different
mitigation measures are provided in the vicinity of the bridge
and their influence on the dynamic track response is evaluated.
These measures include the addition of geogrid layer at the
ballast-subballast interface (GR), use of wedge-shaped engineered
fill (EW), and the reduction of sleeper spacing (RS) near the
bridge approach.
The length of geogrid layer is taken as 10 m and it is
modeled as a linear elastic tension member. To realistically
simulate the geogrid-soil interface behavior, five-noded interface
elements are provided along both sides of the geogrid. The
wedge shaped engineered fill is provided near both sides of the
bridge approach. The top width, thickness and side slope of the
engineered fill are considered as 3 m, 5.15 m, 1V:1H, respectively
(Ribeiro et al., 2014). The behavior of the engineered fill has
been simulated using elastic-perfectly plastic Mohr-Coulomb
constitutive model with a non-associated flow rule. The Young’s
modulus (E), Poisson’s ratio (ν), cohesion (c′), friction angle
(φ′) and dilation angle (ψ) for the engineered fill layer are
considered as 10,000 MPa, 0.3, 300 kPa, 30◦ and 1◦, respectively
(Ribeiro et al., 2014). In the third countermeasure, a zone of
FIGURE 3 | Comparison of model predictions with the data reported by Paixão et al. (2014).
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length 10 m, with a sleeper spacing of 0.4 m, is provided on
both sides of the bridge approach. The sleeper spacing is 0.6 m
elsewhere. It must be noted that all the three techniques have been
analyzed independently.
MODEL VALIDATION
The accuracy of the 2D plane-strain finite element model in
predicting the response of railway tracks in the critical zone has
been investigated by comparing the model predictions with the
field measurements reported by Paixão et al. (2014). Paixão et al.
(2014) recorded the dynamic response of the railway tracks along
an underpass-embankment transition zone, during the passage
of Portuguese Alfa pendular passenger train. The transition
zone comprised of two wedge-shaped backfills between the open
track and the underpass, on both sides. The two wedge-shaped
backfills were constructed using cement bound mixture (CBM)
and unbound granular materials (UGM). In the present study,
both the backfills are modeled using the classical Mohr-Coulomb
elastic-perfectly plastic model. The UGM with the properties,
E = 1,030 MPa, ν = 0.3, c′ = 1 kPa, φ′ = 35◦ and ψ = 5◦ is
simulated. The CBM with the properties, E = 10,000 MPa, ν = 0.3,
c′ = 300 kPa, φ′ = 30◦ and ψ = 1◦ is considered. Figure 3
shows a comparison of the rail vertical displacement-time history
recorded in the field, with the results predicted using the 2D
finite element model developed in PLAXIS. It can be observed
that the predicted results are in an acceptable agreement with the
field data at both 1.8 and 8.4 m away from the underpass. The
rail vertical displacement is lower at 1.8 m from the underpass
as compared to 8.4 m. This difference in displacement is due to
much stiffer CBM fill below the track at 1.8 m as compared to the
UGM fill at 8.4 m from the underpass.
The present model slightly overestimates the vertical
displacement at both 1.8 and 8.4 m from the underpass. The
overestimation in vertical displacement may be attributed to
the inability of the selected constitutive models to accurately
predict the response of the geomaterials. The accuracy of the
model predictions may be increased further by using more
advanced constitutive models, implemented via appropriate
user subroutines. Nevertheless, the predicted displacement time-
history record is in good agreement with the field investigation
data reported by Paixão et al. (2014). Thus, the present 2D
plane-strain finite element model can predict the response of the
railway track in the critical zones with reasonable accuracy.
RESULTS AND DISCUSSION
Influence of Subgrade Type
Figure 4 shows the variation of vertical rail displacement along
the length of the railway track in the critical zone. It can be
FIGURE 4 | Variation of vertical rail displacement along the length of the track for four different subgrade types.
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observed that the displacement is maximum for poor subgrade,
followed by fair subgrade, good subgrade and hard rock. The
difference in vertical displacement between the bridge section
and the open track is 12, 8.1, and 2.5 mm for the poor, fair
and good subgrade types, respectively. However, the vertical
rail displacement is identical at both the bridge and open track
location for the hard rock. Thus, the displacement of open
track decreases with an increase in the stiffness and strength
of subgrade soil. Therefore, the performance of the critical
zones with poor subgrade soil can be significantly improved by
employing ground improvement techniques that increase the
strength and stiffness of the soil.
Figure 5 shows the variation of vertical displacement with
depth at two different locations along the track (3.5 and 9.5 m
away from the bridge) for four different subgrades. It can be
observed that the displacement decreases with an increase in
depth. Moreover, the contribution of the granular layers (ballast
and subballast) to the overall track displacement increases as the
FIGURE 5 | Variation of vertical displacement with depth for four different subgrade types at (A): 3.5 m from the bridge; (B) 9.5 m from the bridge.
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subgrade becomes stiffer and stronger. The contribution of ballast
layer to the overall displacement of the track substructure at 3.5
m from the bridge is 16, 24, 47, and 91% for poor subgrade, fair
subgrade, good subgrade and hard rock, respectively. Similarly,
the contribution of ballast layer to the overall displacement
of track substructure, at 9.5 m from the bridge, is 16, 22,
45, and 91% for poor subgrade, fair subgrade, good subgrade
and hard rock, respectively. Thus, the response of the granular
layers (e.g., ballast) is significantly affected by the subgrade
layer type. The mitigation techniques that improve the stiffness
or strength of granular layers may prove more effective for
critical zones with stiff subgrade than critical zones with soft
subgrade. For instance, 3D geoinclusions such as geocells, which
improve the properties of granular layers through confinement
(Punetha et al., 2020b), are more beneficial for critical zones with
a stiff subgrade.
Figure 6 shows the increase in vertical stress with depth at two
different locations along the track (3.5 and 9.5 m away from the
FIGURE 6 | Variation of vertical stress increment with depth for four different subgrade types at (A): 3.5 m from the bridge; (B) 9.5 m from the bridge.
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bridge) for four different subgrades. It can be observed that the
vertical stress increment decreases with an increase in depth for
all the subgrades. The vertical stress increases with an increase
in the strength and stiffness of the subgrade, at both 3.5 and
9.5 m from the bridge. This effect is more pronounced in the
subballast layer and the top of the subgrade layer. The vertical
stress increment at the subgrade top is 49.9, 64.9, and 79.5 kPa for
poor subgrade, fair subgrade and hard rock, respectively, at 3.5 m
from the bridge. It can be noted that the influence of subgrade
type on the vertical stress increment becomes negligible at depths
greater than 2 m.
Influence of Material Plasticity
The subgrade soil is often modeled as a linear elastic material
in the numerical analyses. This assumption is based on the
fact that the magnitude of stresses in the subgrade layer is
small due to the presence of granular layers with an adequate
thickness, and therefore, limited plastic deformation can occur.
To investigate the influence of material plasticity on the response
of the railway track, the results of the nominal case (i.e., when
the subgrade behavior is simulated using the classical Mohr-
Coulomb elastic-perfectly plastic model) are compared with the
case when subgrade soil is modeled as a linear-elastic material.
Figure 7 shows the variation of vertical displacement with
depth for both cases (i.e., for elastic and elastoplastic material
models) at 5 m away from the bridge. It can be observed that
the use of elastic material model underestimates the vertical
displacement in the railway track. This is attributed to the fact
that the elastic material model neglects the plastic deformations
generated in the subgrade soil during the train passage. It must be
noted that these results are for one complete passage of the train.
The plastic deformations in the subgrade soil accumulate with
an increase in the number of train passages. Consequently, the
difference between vertical displacements predicted using elastic
and elastoplastic material model increases with an increase in
the number of train passages. Therefore, the use of elastoplastic
constitutive model for the subgrade soil may increase the
accuracy and reliability of the predicted results.
Assessment of the Performance of
Mitigation Measures
Figure 8 shows a comparison of the track response at three
different locations along the track (at the bridge, 3.5 and 9.5 m
away from the bridge) for the three mitigation techniques applied
in the critical zone. The results for critical zone without any
mitigation measure (UR) are also shown for comparison. It can
be observed that the use of wedge-shaped engineered backfill
(EW) significantly reduces the track displacement near the bridge
approach. The peak track displacement is reduced by 50 and
5% at 3.5 and 9.5 m from the bridge, respectively, on addition
of wedge shaped engineered backfill near the bridge approach.
It can also be observed that the change in track displacement
is gradual, which may significantly improve the performance of
the critical zone.
FIGURE 7 | Variation of vertical displacement with depth predicted using elastic and elastoplastic material models for subgrade, at 5 m away from the bridge.
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FIGURE 8 | Variation of vertical rail displacement with time for critical zones with and without mitigation measures at: (A) 9.5 m from the bridge; (B) 3.5 m from the
bridge; (C) the bridge.
The application of geogrid (GR) at the ballast-subballast
interface did not improve the dynamic response of the track.
The possible reason for such a behavior may be the fact that
the geogrid decreases the lateral deformation of the surrounding
soil. Therefore, it may be more effective along the transverse
direction of the track (i.e., along the length of sleeper) as
observed in previous studies (Indraratna and Nimbalkar, 2013;
Jiang and Nimbalkar, 2019). However, in the present study,
the track is modeled in the longitudinal direction (i.e., along
the direction of train movement) and thus, the effectiveness of
geogrid is not mobilized.
On reducing the sleeper spacing near the bridge approach,
the track displacement slightly decreases in the vicinity of the
bridge. However, the displacement away from the modified
zone increases. Therefore, the reduction of sleeper spacing
near the bridge approach did not improve the dynamic
response of the track.
CONCLUSION
The present study investigated the dynamic response of the
bridge-open track transition zone under moving train loads using
2D plane-strain finite element analysis. The behavior of the track
layers has been simulated using elastoplastic constitutive models.
The influence of subgrade properties on the performance of
the critical zone is investigated. Subsequently, the effectiveness
of three mitigation measures in improving the performance of
the critical zone is assessed. The accuracy of the numerical
model has been validated by comparing the predictions with
the field data reported in the literature. A good agreement
between the predicted results and literature data confirms the
validity of the model. The results show that the subgrade soil
significantly influences the performance of the critical zone. The
difference in vertical displacement between the stiffer and softer
side was considerably reduced with an increase in strength and
stiffness of the subgrade soil. The accuracy of predicted results
can be improved by employing an elastoplastic constitutive
model instead of a linear elastic model to simulate the behavior
of subgrade soils. The use of wedge-shaped engineered fill
significantly improved the performance of the critical zone by
providing a smooth variation of the track displacement. The
use of geogrid and the reduction of sleeper spacing near the
bridge approach did not significantly improve the performance
of the critical zone.
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